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Abstract
Background: The purpose of this analysis was to investigate the relationship between body composition,
metabolic parameters and endothelial function among physically active healthy middle-aged and older men.
Methods: Out of 101 asymptomatic men prospectively tracked for traditional cardiovascular risk factors (mean
observation period 25.1 years), 55 metabolically healthy individuals who maintained stable leisure time physical
activity (LTPA) level throughout the observation and agreed to participate in the body composition assessment
were recruited (mean age 60.3 ± 9.9 years). Body composition and raw bioelectrical parameters were measured with
bioelectrical impedance analysis (BIA). Microvascular endothelial function was evaluated by means of the reactive
hyperemia index (RHI) using Endo-PAT2000 system.
Results: Strong correlations were observed between lifetime physical activity (PA), aerobic fitness and most of
analyzed body composition parameters. The strongest inverse correlation was found for fat mass (p < 0.01) while
positive relationship for fat-free mass (p < 0.01), total body water (p < 0.05 for current aerobic capacity and p < 0.01
for historical PA), body cell mass (p < 0.001), muscle mass (p < 0.001), calcium and potassium (p < 0.01 and p < 0.001
for current aerobic capacity and p < 0.001 and p < 0.01 for historical PA, respectively) and glycogen mass (p < 0.001).
Among metabolic parameters, HDL cholesterol (HDL-C) and uric acid were significantly associated with most body
composition indicators. Regarding endothelial function, a negative correlation was found for RHI and body mass (p
< 0.05) while positive relationship for RHI and body cell mass (p < 0.05), calcium (p < 0.05) and potassium mass (p <
0.05). Impaired endothelial function was observed among 8 subjects. Among bioelectrical parameters, impedance
(Z) and resistance (R) normalized for subjects’ height were negatively related with body mass, body mass index
(BMI) and waist circumference (p < 0.001); while reactance (Xc) normalized for patients’ height was negatively
related with body mass (p < 0.05). The mean phase angle value was relatively high (8.83 ± 1.22) what reflects a good
level of cellularity and cell function. Phase angle was positively related with body mass and BMI (p < 0.05).
Conclusions: Both fat mass and muscle mass components are important predictors of metabolic profile.
Maintaining regular high PA level and metabolically healthy status through young and middle adulthood may have
beneficial influence on body composition parameters and may prevent age-related decrease of fat-free mass and
endothelial dysfunction.
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Background
A large body of evidence shows that excessive weight and
obesity are associated with cardiometabolic burden [1–3].
There are studies indicating that even comparable degree
of overweight might be related with different cardiometa-
bolic risk [4]. It seems that differences in body compos-
ition may better predict adverse cardiovascular diseases
(CVD) events than simple weight-related indices [5].
Regular physical activity (PA) has been repeatedly
shown as an independent factor in primary prevention
of cardiometabolic disorders and atherosclerosis [6–9].
It has been documented that adequate physical level
may beneficially modify major CVD risk factors includ-
ing obesity and other metabolic disorders. The latest
study of Laine et al. [10] performed among former elite
athletes showed that vigorous leisure-time physical activ-
ity (LTPA) might protect from developing metabolic
syndrome (MetS). Some other reports indicated that
physically active lifestyle was among the most important
factors explaining substantial cardiometabolic benefits of
LTPA volume [9, 11].
However, most prior studies focused on simple an-
thropometric measurements which were operator-
dependent and did not consider body composition in
general [12]. There is a growing evidence that two major
components of the body weight (i.e., fat mass and
muscle mass) play an important role in predicting meta-
bolic health. Body composition measurement extend the
analysis of its impact on health outcomes independently
of body mass index (BMI) categories [13, 14]. Recently,
using raw electric data has gained popularity in nutrition
assessment. Piccoli et al. [15] developed bioimpedance
vector analysis (BIVA) method. The phase angle is the
most specified impedance parameter for the diagnosis of
malnutrition and clinical prognosis connected with
changes in cellular membrane integrity as well as alter-
ations in fluid balance [16]. Furthermore, the raw data
may facilitate recognizing patients in different conditions
[17–19].
Due to the prominent role of endothelial function in
the development of early atherosclerosis, identifying in-
dividuals with endothelial dysfunction may improve risk
stratification and prevent future CVD adverse events
[20–23]. In our latest paper we found that even subtle
changes in metabolic profile might influence micro-
vascular endothelial function [24].
To our knowledge, no study has focused on the associ-
ation between a large set of body composition variables,
metabolic parameters and endothelial function in sub-
jects with documented long-term regular LTPA level
and metabolic profile. Prior studies that included more
detailed assessment of body composition in relation to
cardiometabolic risk, did not consider PA level of the
participants [25, 26].
Therefore, the purpose of this analysis was to compre-
hensively investigate the relationship between body com-
position and cardiometabolic parameters as well as
endothelial function among healthy physically active men.
We hypothesized that higher fat mass, lower muscle mass
and nutritional status would be associated with less bene-
ficial metabolic profile and endothelial function.
Methods
All the subjects were provided with a written information
about the purpose and methodology of the study. The
protocol of the project has been approved by the Medical
University of Lodz Ethics Committee, and the written
informed consent was obtained from all the participants.
All clinical investigation have been conducted according
to the principles expressed in the Declaration of Helsinki.
Study design and subjects
Recruitment procedure and other methods were de-
scribed in our latest paper [7]. The subjects of the study
consisted of male volunteers who attended the Healthy
Men Clinic and the Department of Preventive Medicine,
Medical University of Lodz (Poland) from 1985, with the
last regular examination taken in 2003. A total of 101
men (mean age 59.7 ± 9.0 years) met inclusion criteria
for the 2012 follow-up structured check-up with com-
prehensive assessment of subclinical atherosclerosis.
Subjects were considered to be eligible if before the
examination they were asymptomatic, free from chronic
diseases and treatment (including aspirin, statins and
anti-hypertensive agents) and any important disability or
dementia. As PA level may vary within individuals across
time, we analyzed PA level throughout the whole obser-
vation. Based on the mean energy expenditure (EE) gath-
ered at two-thirds of all follow-up examinations we
defined subgroups of maintained, increased and de-
creased PA level. Out of 101 men participating in the
whole project, 62 persons who maintained a stable LTPA
level throughout the observation were invited to take
part in the additional body composition assessment with
bioelectrical impedance analysis (BIA). Finally, a total of
55 men agreed to participate in the BIA procedures
(mean age 60.3 ± 9.9). The subjects were white men, pre-
dominantly married, white collar workers with university
or secondary educational level whose occupational activity
was low. Most participants had been involved in non-
competitive sports activities of endurance type, such as run-
ning, bicycling, swimming, or basketball for several years.
Protocol and measures
All subjects participated in a similar panel of procedures
including a detailed interviewer-administered question-
naire, anthropometric and biochemical measurements,
resting electrocardiogram and the graded submaximal
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exercise test. The 2012 follow-up included assessment of
atherosclerosis indices and body composition analysis.
Traditional cardiometabolic risk factors assessment
Fasting blood samples were drawn from the antecubital
vein. Enzymatic methods were used to determine serum
total cholesterol, glucose, triglycerides. HDL cholesterol
(HDL-C) was measured by the precipitation method. An-
thropometric data were collected by standard methods.
Body mass was measured to the nearest 100 g on cali-
brated scales (in light indoor clothes and without shoes).
Height was measured with a stadiometer (without shoes)
to the nearest 0.5 cm. Waist circumference (WC) was
measured with a tape measure at the middle of the dis-
tance between the lowest rib and the iliac crest (in under-
wear, standing position) to the nearest 0.5 cm. BMI was
calculated as body mass (kilograms) divided by square of
height (meters).
Metabolic disorders for males were defined according
to the National Cholesterol Education Program Adult
Treatment Panel III (NCEP ATP III) guidelines [27].
MetS was defined as the presence of 3 or more of the
following parameters: WC ≥ 102 cm, systolic and/or dia-
stolic blood pressure (BP) ≥ 130/85 mmHg, triglycerides
(TG) ≥ 1.7 mmol/l, HDL-C < 1.0 mmol/l, fasting plasma
glucose (FPG) ≥ 6.1 mmol/l.
PA and aerobic capacity assessment
Data on PA was collected during the medical interview.
The level of LTPA during the previous year was esti-
mated. Exercise-related EE was calculated on the basis
of the number of hours earmarked for weekly recreational
sports activities (kcal/week) according to the tables of Fox
et al. [28]. Historical PA was assessed according to Kriska
[29] for the following periods of life: 12–34, 35–49, over
50 years old period, for the last 5 and 10 years and for the
whole period from 12th year of life to the day of examin-
ation. All PAs were summed up according to hours per
year, weeks of activity during the month, months of activity
during the year, and years of activity during a period. The
estimated number of hours during a period was divided by
the number of years. As a result, all the measures of histor-
ical PA are expressed as hours per year for a given period.
In order to assess aerobic fitness the graded submaxi-
mal exercise test was carried out on a Monark type
818E (Stockholm, Sweden) bicycle ergometer with 30
W increments every 3 min to achieve at least 85 % of
maximal age-predicted heart rate (220 - age). Heart rate
(continuous ECG tracing) was regressed against the
three last workloads. The resultant linear regression
equation was used to calculate the aerobic capacity index,
i.e. physical working capacity at 85 % of the maximal heart
rate (PWC85 % HRmax). PWC85 % HRmax was calculated by
interpolating the workload-heart rate regression line at
the point of 85 % of the maximal age-predicted heart rate.
This methodology, even with lower (PWC75 % HRmax)
exercise test intensity level, has been proposed as a useful
measure of aerobic power for epidemiological studies [30].
PWC85 % HRmax was expressed as relative to body mass
[PWC/kg (W∙kg−1)].
Body composition analysis
Multi-frequency bioelectrical impedance analysis (MF-
BIA) was performed to assess body composition (BioS-
can 920-2, Maltron International Ltd). Whole body ana-
lysis was taken with subjects in a supine position in the
right body side using eight surface electrodes, with the
subjects having completed a minimum 6-h fast (in the
morning, before breakfast) and according to other tips
recommended by manufacturer. Data of sex, height,
weight, age and race were entered into the device and
the MF-BIA measurements were made. Saved data were
downloaded using Maltron MF-BIA software and based
on Maltron software’s equations the body composition
of our subjects was assessed. Absolute values of the data
obtained in BIA (fat mass, fat-free mass, total body
water, body cell mass, muscle mass, protein mass, min-
eral mass, calcium mass, potassium mass, glycogen
mass) were divided by body mass of the subjects and
expressed in percentages of body mass. Resting meta-
bolic rate (RMR) obtained in kcal was divided by sub-
jects’ body mass and expressed in kcal/kg. Body volume
was expressed in litres (L), body density in kg/L. We also
present the ratio of extra/intracellular water and the nu-
tritional index which is the ratio of extracellular mass
and body cell mass. Additionally, the bioelectrical pa-
rameters of 50 kHz whole-body BIA: impedance (Z,
Ohm), resistance (R, Ohm) and reactance (Xc, Ohm)
normalized per subjects’ height (H) and the phase angle
were analyzed. BIA measures whole-body Z which is the
opposition of the body to alternating current. Z is a
combination of R and Xc. R is inversely related to the
volume of intra and extracellular ionic solutions, while
Xc is directly related to soft tissue structures [15]. Phase
angle is the arc tangent of Xc/R and therefore, it is
dependent on pure resistive behavior of tissues (R) that
mainly depends on tissue hydration and also on capacitive
behavior of tissues (Xc) that is connected with cellularity,
the size of cells, the cells’ membrane integrity [16, 31]. It
reflects changes in the amount and the quality of soft tis-
sue mass [16] and low phase angle indicates cell death or
decreased cell integrity. The phase angle is positively asso-
ciated with Xc and negatively associated with R [32].
Endothelial function measurements
Peripheral arterial tonometry signals were obtained
using the EndoPAT 2000 device (Itamar MedicalInc.,
Caesarea, Israel) in participants resting in the supine
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position in a quiet, temperature‐controlled environment
set at about 22 °C after an overnight fast. Subjects were
also instructed to refrain from smoking and strenuous
exercise at least 12 h before the examination. Full details
of the probe technology and the basis of measurements
have been previously described [21]. Briefly, a PAT finger
probe was placed on each index finger. Pulsatile volume
changes of the distal digit induced pressure alterations
in the finger cuff, which was sensed by pressure trans-
ducer and transmitted to and recorded by the EndoPAT
2000 device. Endothelial function was assessed via RH-
PAT index. The ratio of the PAT signal after cuff release
compared with baseline was calculated through a com-
puter algorithm automatically normalizing for baseline
signal and indexed to the contralateral arm. The esti-
mated ratio reflects the RHI.
Statistical analysis
Data was verified for normality of distribution and
equality of variances. Spearman’s correlation was used to
evaluate the association between LTPA characteristics,
metabolic risk factors, RHI and body composition indi-
ces. The results of the quantitative variables are pre-
sented as mean ± SD (standard deviation). The paired t-
test was used for comparison between continuous vari-
ables, and the χ 2 test or Fisher’s exact test was used for
comparisons between categorical variables. The level of
significance was set at p < 0.05 for all analyses.
Results
Baseline characteristics and 25-year changes in traditional
CVD risk factors and LTPA parameters are presented in
Table 1. All the subjects remained generally metabolically
healthy (with no or only one metabolic risk factors)
throughout the observation. Most of the traditional CVD
risk factors occurred less beneficial at follow-up, especially
anthropometric characteristics, total and LDL-cholesterol
(LDL-C) and FPG. However, HDL-C increased signifi-
cantly during the observation (Table 1). None of the sub-
jects developed MetS according to the ATP III definition
during the whole observation. All subjects maintained
their baseline PA during different life periods (12-34th, 35-
49th, ≥50th, ≥12th years of life and during last 5 and
10 years) as assessed by historical PA.
Table 2 shows body composition parameters and
endothelial function indices at follow-up. The nutritional
status of our sample is more favorable than generally ob-
served in this age group. All of examined subjects were
characterized with correct hydration status as well as
extra- and intracellular water ratio and none of them
was characterized with oedema. Impaired endothelial
function (RHI < 1.67) was observed among 8 subjects.
Both current and historical LTPA characteristics
were significantly related to several analyzed body
composition parameters assessed by BIA (Table 3).
The strongest inverse correlation was found for fat
mass while positive relationship for fat-free mass,
total body water, body cell mass, muscle mass, total
body potassium (TBK), calcium and glycogen mass.
Aerobic power was substantially associated with sev-
eral body composition characteristics. Higher PWC/
kg was related to higher RMR, body cell mass, TBK,
protein, mineral, calcium, glycogen mass as well as
fat-free mass, body density, nutritional index and
total body water. On the other hand, negative corre-
lations were found between aerobic power and BMI,
WC and body fat mass.
Among the studied metabolic risk factors, HDL-C and
uric acid were substantially related to majority of the
body composition parameters (Table 3). The strongest
negative correlations were found between HDL-C and
body mass, BMI, WC and body volume; and positive
correlations for HDL-C and total body water, RMR,
body cell mass as well as calcium, potassium and glyco-
gen mass. According to the bioelectrical data, HDL-C
was positively related with Z/H, R/H and Xc/H. Uric
acid occurred positively related with body and fat mass
while negatively fat-free mass, body density, body cell
Table 1 25-year changes in traditional cardiometabolic risk
factors in the studied cohort
Baseline Follow-up
Age, years 35.3 ± 7.3 60.3 ± 9.9***
Waist circumference, cm 87.1 ± 7.8 95.4 ± 9.6***
BMI, kg/m2 24.7 ± 2.8 26.1 ± 3.2***
Systolic blood pressure, mmHg 122.9 ± 12.2 127.0 ± 13.2
Diastolic blood pressure, mmHg 78.6 ± 6.5 79.9 ± 7.04
Total cholesterol, mg/dl 186.0 ± 29.7 215.4 ± 36.3**
LDL-C, mg/dl 113.5 ± 22.8 132.9 ± 33.0**
Triglycerides, mg/dl 111.8 ± 37.2 101.1 ± 42.0
HDL-C mg/dl 50.1 ± 13.2 61.5 ± 19.1**
Fasting plasma glucose, mg/dl 82.8 ± 9.1 88.5 ± 8.7***
Uric acid, mg/dl 5.4 ± 1.2 5.9 ± 1.2
Metabolic syndrome, n 0 0
BP ≥ 130/85 mmHg, n 9 23**
Triglycerides ≥ 150 mg/dl, n 7 7
HDL-C < 40 mg/dl, n 3 3
Fasting plasma glucose≥ 110 mg/dl, n 0 0
Current smokers, n 9 4
Exercise-related energy expenditure,
kcal/week
4120.1 ± 3119 2979.2 ± 1826
PWC, W/kg 2.47 ± 0.5 2.0 ± 0.6*
Data presented as mean ± SD unless otherwise stated; * p < 0.05; ** p < 0.01;
*** p < 0.001
BMI body mass index, LDL-C low-density lipoproteins, HDL-C high density
lipoproteins, PWC physical working capacity
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mass, muscle mass as well as calcium, potassium and
glycogen mass.
Regarding endothelial function, a negative correlation
was found for RHI and body mass while positive rela-
tionship for RHI and body cell mass, calcium and potas-
sium mass (Table 3).
Both Z/H and R/H were strongly negatively related
with body mass, BMI and waist circumference (p <
0.001). There was significant negative correlation be-
tween Xc/H and body mass (p < 0.05) while phase angle
was positively related with body mass and BMI (p < 0.05)
(data not shown in the Table).
Discussion
In the present study we found significant relationship
between LTPA volume (both current and historical) and
majority of the analyzed parameters assessed by BIA. In
our prior paper [7] we also showed strong association
between BMI, WC and percentage of body fat and life-
time PA in all analyzed life periods. Similar findings were
reached by Chrzczanowicz et al. [33] who showed that
historical PA had a favorable effect on BMI, waist-to-hip
ratio (WHR), WC and percentage of body fat. Strong
positive correlation between LTPA and body cell mass
supports previous findings on the protective role of PA
in age-related decline in the actively metabolizing cellu-
lar components of the human body [34]. Higher level of
LTPA was also associated with higher muscle mass and
TBK content in a 3-year longitudinal study on body
composition changes in the elderly men [35]. Our study
cohort had comparable fat-free mass, body cell mass and
TBK with healthy Caucasian men aged 35–59 years par-
ticipating in the study by Kyle et al. [36].
Our study support previous findings indicating that
differences in body composition and fat distribution
might result in lower cardiometabolic risk among highly
active individuals [4, 5]. According to Laine et al. [10],
high volume of lifetime and current LTPA were associ-
ated with lower body fat level and risk for MetS among
former male athletes as compared with their sedentary
controls. In our metabolically healthy cohort, HDL-C,
uric acid and BP (especially diastolic BP) occurred sig-
nificantly related to most parameters assessed by BIA.
Interestingly, we found potentially protective role of
muscle mass in developing metabolic disorders which is
consistent with the findings of Atlantis et al. [26].
Several studies demonstrated that BIVA approach
might be an useful tool to assess nutritional status in
various conditions, including heart failure, sarcopenia, or
Alzheimer disease [18, 37–40]. Many available studies
show negative correlations between bioelectrical param-
eters normalized to subjects’ height and BMI [41, 42].
Our results show that R/H and Z/H decrease with in-
creasing BMI, but the correlation was not statistically
significant for Xc/H. The phase angle is suggested to be
an index of nutritional status [38], even better than an-
thropometric measurements or serum markers [43],
which decreases with worsening of the nutritional status
[16]. Cellular membrane stability may be also affected by
intense physical training [44, 45]. Phase angle values in
healthy people ranges between 5.0 and 7.0 [31] and
values over 9.5 are possible to reach in some athletes
[44]. The mean phase angle value of our sample was
relatively high (8.83 ± 1.22) what reflects a good level of
cellularity and cell function. It has also been suggested
that a positive correlation between phase angle and BMI
might be connected with increased number of muscle
and fat cells [31]. In our population the phase angle was
positively correlated with both body mass and BMI what
is in agreement with the study performed by Torres
et al. [44] in younger male elite athletes aged 13–48
years old and Micheli et al. [45]. We did not find the re-
lationship between phase angle and LTPA what may be
connected with the fact that all subjects in our study
were characterized with high level of PA.
It is well documented that regular PA produce beneficial
changes in lipids profile, including the influence on con-
centration and size of lipoprotein subclass [46]. During
Table 2 Body composition, bioelectrical impedance vector
components and endothelial function in the studied cohort
Follow-up
Fat mass (%) 24.8 ± 4.8
Fat-free mass (%) 75.2 ± 4.8
Total body water (%) 57.4 ± 4.1
Intracellular water (%) 57.0 ± 1.2
Body volume (L) 77.7 ± 12.0
Body density (kg/L) 1.0 ± 0.0
Resting metabolic rate (kcal/kg) 21.6 ± 2.2
Body cell mass (%) 41.7 ± 2.7
Muscle mass (%) 37.8 ± 4.4
Protein mass (%) 13.2 ± 1.8
Mineral mass (%) 4. 6 ± 0.6
Calcium mass (%) 1.6 ± 0.1
Potassium mass (%) 0.2 ± 0.0
Glycogen mass (%) 0.7 ± 0.1
Nutritional index 0.8 ± 0.0
Z, mean ± SD 444.9 ± 51.1
R, mean ± SD 440.1 ± 51.2
Xc, mean ± SD 67.9 ± 8.8
Phase Angle, mean ± SD 8.8 ± 1.2
Reactive hyperemia index, mean ± SD 2.0 ± 0.4
RHI <1.67, n 8
Abbreviations: BMI body mass index, WHR waist-to-hip ratio, H height, R
resistance, Xc reactance, Z impedance
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our over 25-year observation HDL-C concentration in-
creased substantially as a result of long-term regular exer-
cise trainings. As expected, HDL-C was significantly
associated with majority of body composition parameters
indicating that higher concentrations of HDL-C correlated
with more beneficial BIA indices. Additionally, we ob-
served a positive correlation between R/H, Xc/H, Z/H and
HDL-C. The only study investigating the relationship be-
tween lipids and phase angle was performed by Dorna
et al. in HCV-infected patients [47]. Their analysis showed
no association between lipid profile and phase angle which
is, to some extent, in line with our results.
In the available literature there are few studies investi-
gating the relationship between body composition char-
acteristics and endothelial function measured by RHI.
Most previous studies focused on simple anthropometric
indicators and used flow-mediated dilation (FMD) as a
method reflecting vascular endothelium status. Results
obtained by other authors indicate that the relationship
between body fat and vascular function might become
apparent when over fatness is evident. For example, sig-
nificant inverse relationship between body fat and FMD
among overweight and obese subjects [48–50] and cor-
relation between BMI and endothelial dysfunction
among obese adults with metabolic disorders (p < 0.001)
[51] were observed. However, in the study of 50 healthy
lean men aged 16–49 correlations between FMD and
total, lean and fat mass were insignificant [52]. Relatively
low prevalence of metabolic disorders in our study co-
hort may contribute to insignificant results within fat-
related characteristics. Interestingly, we found positive
correlation between RHI and some lean body parameters
like body cell mass, TBK and total body calcium mass.
Oberleithner et al. [53] in their study reported that an
increase of extracellular potassium concentration signifi-
cantly diminishes the stiffness of endothelial cells and
has an influence on determining the physical compliance
of endothelial cells. Furthermore, increases in potassium
concentration to values such as those that occur during
physical exercise in muscle greatly soften endothelial
Table 3 Relationships between selected indicators of body composition and bioelectrical impedance vector components to PA















Body mass (kg) −0.147 −0.264* −0.510*** 0.078 0.317* −0.028 0.373** −0.287*
BMI (kg/m2) −0.323* −0.297* −0.427** 0.206 0.344* 0.003 0.454*** −0.152
WC (cm) −0.277* −0.233* −0.445** 0.122 0.314* −0.018 0.296* −0.182
Fat mass (%) −0.449** −0.368** −0.339* 0.151 0.262 −0.027 0.374** −0.188
Fat-free mass (%) 0.449** 0.368** 0.339* −0.151 −0.262 0.027 −0.374** 0.188
Total body water (%) 0.287* 0.390** 0.372** −0.050 −0.230 0.090 −0.340* 0.280
Extra/intracellular water (%) 0.191 0.002 0.135 −0.112 −0.141 −0.139 −0.297* −0.086
Body volume (L) −0.099 −0.214 −0.464*** 0.043 0.257 0.009 0.330* −0.229
Body density (kg/L) 0.449** 0.368** 0.339* −0.151 −0.262 0.027 −0.374** 0.188
Resting metabolic rate (kcal/kg) 0.647*** 0.345* 0.396** −0.279* −0.317* −0.006 −0.306* 0.133
Body cell mass (%) 0.462*** 0.486*** 0.443** −0.163 −0.336* 0.144 −0.438** 0.321*
Muscle mass (%) 0.510*** 0.400** 0.337* −0.215 −0.401** 0.081 −0.425** 0.198
Protein mass (%) 0.480*** 0.090 0.096 −0.282* −0.218 −0.034 −0.162 0.009
Mineral mass (%) 0.479*** 0.093 0.095 −0.279* −0.215 −0.032 −0.164 0.010
Calcium mass (%) 0.422** 0.466*** 0.479*** −0.157 −0.355** 0.105 −0.471*** 0.340*
Potassium mass (%) 0.453*** 0.421** 0.400** −0.185 −0.308* 0.102 −0.493*** 0.345*
Glycogen mass (%) 0.551*** 0.455*** 0.402** −0.240 −0.348* 0.095 −0.468*** 0.064
Nutritional index 0.420** 0.052 0.050 −0.200 −0.120 −0.093 −0.169 −0.055
Z/H −0.143 −0.016 0.308* 0.031 −0.149 −0.105 −0.153 0.034
R/H −0.150 −0.047 0.307* 0.020 −0.157 −0.128 −0.171 0.011
Xc/H −0.189 0.115 0.296* −0.019 −0.080 0.033 −0.024 0.115
Phase Angle −0.047 0.157 0.002 0.046 0.029 0.124 0.204 0.146
* p < 0.05 ** p < 0.01 *** p < 0.001
Abbreviations: BMI body mass index, H height, R resistance; Xc reactance, Z impedance
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cells [54]. Body composition parameters presented in
our analysis are more favorable than generally observed
in this age group.
Several shortcomings of the present study should be
acknowledged. The study is limited by its cross-sectional
design which does not enable to draw definite causal re-
lationships. Although the number of participants was
relatively small, several substantial results were found.
Well known limitation is related to self-reported question-
naires on PA which are prone to recall bias. The results
obtained in this specific cohort may be representative only
to healthy physically active middle-aged and older men.
Of note, BIA method is not considered as a ‘gold standard’
for body composition assessment. However, it has been
shown that BIA was a good predictor of DEXA-derived
fat-free mass [55].
The distinct strength of the study is long-term obser-
vation of LTPA level and cardiometabolic risk factors.
We are unaware of any studies investigating the relation-
ship between metabolic risk factors, endothelial indices
and such a wide set of body composition and nutritional
parameters. Additionally, the BIA method was comple-
mented with raw bioelectrical data that may be used for
the monitoring the nutritional status. Precise selection
of the participants as well as comprehensive assessment
of healthy behaviours and clinical characteristics during
the observation are important advantages of the analysis.
Importantly, longitudinal observation of a homogenous
group enables to eliminate the risk associated with such
known confounders such as age, social class or lifestyle
choices. We excluded individuals taking drugs modifying
cardiometabolic risk in order to reduce the confounding
effect of anti-atherogenic treatment.
Conclusions
In summary, maintaining stable high LTPA and metabol-
ically healthy profile through young and middle-
adulthood are associated with beneficial body compos-
ition and nutritional status.
Maintaining high level of PA in middle aged and older
men may have a favorable effect on cellular integrity and
fluid balance what is expressed as a high phase angle
that reflects the amount and the quality of soft tissue
mass. Moreover, significant relationship between RHI
and some lean body parameters may suggest that healthy
lifestyle prevent age-related endothelial dysfunction and
decrease of fat-free mass in the elderly.
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